 Table of 
Then, the deflection of D and G structures can be calculated by summation of and along the direction parallel to the compressive loading, that is 2 / 32 /3 . In the same manner, deflection of D and G structures under shear loading can be calculated as 2 / 32 /3 . Therefore, the ratio of deflections from compressive and shear loading ( / ) becomes consistent regardless of the diameter of beams as follows:
The ratio of Young's modulus to shear modulus (E/S) of structure is linearly proportion to the ratio of deflections from compressive and shear loading ( / ). As a result, the E/S of D and G structures can be consistent regardless of the volume fraction.
Deflection of beam in P structure
The connection angle of simplified beams in P structure is 90°. Thus, the magnitudes of and in P structure are changed with respect to the direction of loading. When the compressive loading is applied on P structure, axial force ( ) is equal to and lateral force ( ) is zero, while 0 and as the shear loading is applied. According to the Euler-Bernoulli beam theory, the axial ( ) and lateral ( ) deflections of beam in P structures under compressive and shear loading can be expressed as 4 / and 64 /3 , respectively. Because the directions of deflection and loading are always same, the deflection of P structures can be calculated by and . Therefore, the ratio of deflections from compressive and shear loading is proportion to the square of diameter.
As a result, the E/S of P structures is increased as the volume fraction decreases.
Numerical simulation details Effective wave velocities
The effective longitudinal and transverse wave velocities were calculated as a function of geometric variables with respect to the various structures. All calculations was based on the long wavelength condition where the wavelength (λ=100L) is much larger than the size of unit cells. The effective wave velocity was calculated by using v=w/k where k→0. As shown in figure S1 , when the volume fraction changes, the effective transverse wave velocities of P, D, and G structures have similar range while the longitudinal wave velocity of P structure is much greater than those of other structures. When the aspect ratio is changed, P structure shows a relatively little variation of the effective longitudinal wave velocity compared to those of D and G structure. and G structures as a function of volume fraction and aspect ratio. 
Effect of aspect ratio on dynamic moduli

Boundary conditions in finite element analysis
In order to calculate Young's modulus and shear modulus, we applied the boundary conditions on the surfaces of the structure as shown in figure S3 . We applied fixed boundary condition on the bottom of structure. The lateral surfaces of structures were set to be free. Compressive and shear loadings were applied on the top surface of structures along the z-direction. The magnitude of applied loading was controlled to be less than 1% that satisfied the small strain approximation. Figure S3 . Applied boundary conditions in the finite element analysis.
